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(54) Receiver, transmitter-receiver and communication metliod 

(57) The present Invention relates to a receiver, and 
makes it possit)le to restore a transmitted informatk>n bit 
series accurately by performing maximum-likelihood 
series estimation accurately with a simple structure. 

It is possible to eliminate the phase rotation 
received in a transmission line and perform maximum- 
likelihood series estmiatton more accurately in consid- 
eration of the reliability of a transmission line for each 
symbol with a simple structure by the steps of: estimat- 
ing characteristics of a transmission line for each sym- 
bol based on the amplitude and phases of pilot symbols 
which are extracted from reception syrrt>ol groups, cal- 
culating weighting factors showing the reliability of the 
transmission line in symtx>ls based on the estimation 
result and the reception symtxrf groups, multiplying 
each symbol of information symbol groups which are 
^acted from the reception symbol groups by the 
weighting factors to reflect the transmission-line reliabil- 
ity In symbols, and restoring a information bit series by 
applying maximunrvlikelihood series estimation to 
coded bit groups restored from the information symbol 
groups on which the reliability is reflected. 
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Description 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

The present invention relates to a receiver, a trans- 
mitter-receiver, and a communication method, and is 
suitably applied to. for ecample, a radio comnuinication 
system such as a portable telephone system. 

DESCRIPTION OF THE RELATED ART 

In a radio communication system, including so- 
called cellular system, an area for providing communi- 
cation services is divided Into ceRs of prescribed sizes: 
in each of the cells a base station as a fixed radio station 
is located, and a portable telephone serving as a mobile 
radio station radio-communicates with the base station 
in the cell in which the telephone exists. Various sys- 
tems are proposed for the communication systems 
between a portable telephone and a base station, and a 
typical one is a time division multiple connection system 
referred to as a time division multiple access (TDMA) 
system. 

As shown in Figs. 1A and IB. for exanr^le. in the 
TDMA system, a predetermined frequency channel is 
temporally partitioned into frames FO. F1 , etc. of a pre- 
determined time width, each of the frames is divided 
Into time slots TSO to TS3 of a predetermined time 
width, and a transmission signal is transmitted by using 
the frequency channel for the timing of the time slot TSO 
assigned to the local station. A system of plural commu- 
nication (so-called multiplex communication) is realized 
by using the same frequency channel for the efficient 
use of frequencies. In the following description, the time 
slot TSO assigned for transmission is refened to as a 
transmission slot TX, and the data block (tliat Is, infor- 
mation unit) to be transmitted by one transmission slot 
TX is referred to as a slot 

A transmitter and a receiver of a radio communica- 
tion system for performing transmission and reception 
by using the TDMA system are described be\ow with 
reference to Figs. 2 and 3. The transmitter and the 
receiver, for example, as shown in Figs. 2 and 3 are 
mounted on a portat^le telephone and a base station of 
a portable telephone system, and used for the commu- 
nication from the portable telephone to the base station 
(so-called up-link connmunication) and the communk:a- 
tion from the base station to the portable telephone (so- 
called down-link communication). 

As shown in Fig. 2. a transmitter 1 conprises a con- 
volution coding circuit 2. an interleaving buffer 3, a slot- 
ting circuit 4. a modulation circuit 5. a pilot-symbol 
addition circuit 6, a transmission circuit 7 and an 
antenna 8. First, an information bit series SI serving as 
ti^ansmission data is inputted to the convolution coding 
circuit 2. 



The convolution coding circuit 2. which comprises 
shift registers of a predetermined number of stages and 
exclusive OR circuits, applies convolution-coding to the 
inputted information t)it series S1. and outputs the 

5 resulting coded bit series 82 to the interleaving buffer 3. 
The Interleaving buffer 3 stores the coded bit series S2 
in its internal storage area successively. When the 
coded bit series S2 are stored in the entire storage area 
(that is. when a desired volume of coded bit series S2 is 

10 stored), the buffer 3 re-sequences the order in the 
coded bit series S2 at random (tiie re-sequencing of the 
order is hereafter refened to as interleaving) and out- 
puts coded bit series S3 obtEuned by interleaving the 
coded bit series S2 to ihe slotting circuit 4. In this con- 

15 nection. the interleaving buffer 3 has a storage capacity 
for a plurality of slots so that coded bit series is dis- 
persed to a plurality of transmission slots TX. 

The slotting circuit 4 partitions the coded bit series 
S3 for every predetermined number of bits so as to 

20 assign the coded bit series S3 to the transmission slots 
TX and successively outputs coded bit groups S4 
obtained fc>y assigning tiie coded bit series S3 to the 
transmission slots TX to tiie modulation circuit 5. The 
modulation circuit 5 applies predetermined modulation 

25 (e.g. synchronous-detection-based modulation such as 
QPSK) to each of supplioi coded bit groups S4 and out- 
puts the resulting information symbol groups S5 to the 
pilot symbol addition circuit 6. 

As shown in Fig. 4. the pilot symbol addition circuit 

30 6 adds pilot symbols P to tiie head position of each sym- 
M group (that is. ttie head of information symbols I) of 
the information symbol groups S5 partitioned corre- 
spondingly to the transmission stots TX as headers and 
outputs the resulting transmission symbol groups S6 to 

35 tiie ti-ansmission circuit 7. In this connection, tiie pilot 
symbols P added in this case are symbols of pattems 
previously known to the receiver side, and the receiver 
side estimates transmission-line characteristics (e.g. 
tiie state of fading) in accordance with tiie pilot symbols 

40 P. 

The transmission circuit 7 applies filtering to the 
pik>t-symbol-added transmisston symbol groiq3S S6 in 
sequence and applies digital-ar^log conversion to tiie 
resulting groups S6 to generate a transmission signal. 

45 Then, the transmission drcuit 7 generates a transmis- 
sion signal S7 of a predetermined frequency channel by 
applying frequency conversion to the transmission sig- 
nal, amplifies the signal S7 up to predetermined power, 
and transmits the signal S7 via tiie antenna a Thus, the 

so transmission signal S7 is transmitted from the transmit- 
ter 1 synchronously with the timing of the transmisskyi 
slots TX. 

As shown in Rg. 3, a receiver 10 comprises an 
antenna 11, a reception circuit 12. a transmission line 
55 estimation circuit 13. a demodulation circuit 14. a sk)t 
connection circuit 15, a detnterleaving buffer 16, and a 
Viterbi decoding circuit 17. The receiver 10 receives ttie 
transmission signal S7 transmitted from the transmitter 
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1 via the antenna 11 and inputs the signal S7 to the 
reception circuit 12 as a reception signal S11. The 
reception orcuit 12 anplifies the input reception signal 
S11 and fetches a base band signal by applying fre- 
quency conversion to the reception signal S1 1 . Then, 5 
the circuit 12 applies filtering to the base band signal, 
obtains reception symbol groups S12 corresponding to 
the al)ove transmission symbol groups S6 by applying 
analog-digital conversion to the base band signal, and 
outputs the groups S12 to the transmission line estima- w 
Won circuit 13. 

The transmission line estimation circuit 13. which is 
a circuit for examining characteristics of a transmission 
line and performing equalization corresponding to the 
examination results, estimates characteristics of a 75 
transmission line by refemng to the pilot symbols P in 
the reception symbol groups Si 3 and calculates Inverse 
characteristics of the transmission line in accordance 
with the estimation result. Moreover, the transmission 
line estimation drcuit 13 convolution-multiplies respec- 20 
tive information symbol portions of the reception symbol 
groups SI 2 in a time domain by the values of the 
inverse characteristics of the transmission line by using 
an equivalent circuit comprising an equalizer so as to 
eliminate such influence as fading caused in the trans- 25 
mission line. According to tiiis processing, the transmis- 
sion line estimation circuit 13 restaes the transmitted 
information symbol groups S5 and outputs them to the 
demodulation circuit 14 as the reception information 
symbol groups SI 3. 30 

Ihe demodulatbn circuit 14 restores coded bit 
groups S14 corresponding to tiie coded bit groups S4 in 
the transmission side by applying predetermined 
demodulation to the reception inforntation symtx)l 
groups SI 3 ard outputs the groups Si 4 to the slot con- 35 
nection circuit 15. In this connection, each bit of the 
coded bit group Si 4 is not a binary signal having a 
value of 0 or 1 but a multi-valued signal due to noise 
components added in the transmission line. The slot 
connection drcuit 15 Is a circuit for connecting the 40 
coded bit groups Si 4 fragmentarily obtained in slots 
one anotha^ to make a continuous signal. The circuit 15 
connects tiie coded bit groups S14 when they are accu- 
mulated up to ttie storage capacity of the deinterleaving 
buffer 16 at tiie rear stage and outputs the resulting 45 
coded bit series S15 to the deinterleaving buffer 16. 

The deinterleavnig buffer 16. which has a storage 
capadty for a plurality of slots, successively stores the 
supplied coded bit series S1 5 in its internal storage 
area, restores the order of the coded bit series S15 to so 
the original order by performing the backward process 
of the re-sequendng perfomned in the interieaving 
buffer 3 of tiie transmitter 1. and outputs the resulting 
coded bit series SI 6 to the Viterbi decoding drcuit 17 
(hereinafter, tiie restoring to the original order is referred 55 
to as deinterleaving). The Viterbi decoding circuit 17, 
which conprises a soft decision Vitert>i decoding circuit 
deternnines a possible trellis of the convolution code in 



use based on the input coded bit series SI 6. estimates 
a maximum-likelihood state (socalled maximum-likeli- 
hood series estimation) out of all state transitions which 
can be used as data to restore and output transmitted 
infonnation bit series SI 8. 

In tiie conventional receiver 10, sent symbols are 
temporally anranged witiiin each slot. Therefore, influ- 
ences caused in a transmission line are eliminated by 
performing convolution nuiltipiication in a time domain 
by an equivalent circuit comprising an equalizer, result- 
ing in highly complicated st-uctures of the receivers. 
Moreover, in the aforesaid TDMA system, tiie communi- 
cation quality may vary depending on the timing of a 
transmission slot TX. In the conventional receiver 10. 
tiie reliability, which shows the communication quafity of 
a transmission slot TX. is not reflected on any coded 
bits sent via the slot. Therefore, there are prot)lems tiiat 
maximum-likelihood series estimation by the Viterbi 
decoding drcuit 17 cannot be accurately performed, 
and transmitted information bit series cannot be accu- 
rately restored. 

SUMMARY OF THE INVENTIQM 

In view of ttie foregoing, an object of tiie present 
invention Is to provide a receiver, a transmitter-receiver, 
and a communication mettiod in wNch t-ansmitted Infor- 
mation bit series are restored accurately with a simple 
structure by performing maximum-likelihood series esti- 
mation with a high degree of accuracy. 

The nature, principle and utility of ttie invention will 
become more apparent from ttie following detailed 
description when read in conjunction witii the accompa- 
nying drawings in which like parts are designated by like 
reference numerals or characters. 

BRIEF DESCRIPTION OF THE EMBODIMENT 

In ttie accompanying drawings: 

Rgs. 1A and IB are schematic diagrams for 
explaining the theory of TDMA system; 
Rg. 2 is a block diagram showing ttie structure of a 
conventional transmitter; 

Fig. 3 is a tAodk diagram showing the structure of a 
conventional receiver; 

Rg. 4 is a schematic diagram showing the arrange- 
menrt of conventional pilot symbols; 
Rg. 5 is a block diagram showing the structure of 
the radio communication system of an embodiment 
of the present inv^ion; 

Rg. 6 is a block diagram showing the structure of a 
transmitter of tiie radio communication system in 

Rg. 5; 

Rg. 7 is a signal point anangement diagram for 
explaining ttie theory of QPSK modulation; 
Rg. 8 is a signal point arrangement diagram for 
explaining ttie theory of 8PSK modulation; 
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Rg. 9 is a signal point an^angement diagram for 
explaining the theory of 16QAM modulation: 
Rg. 10 is a signal point arrangement diagram tor 
explaining the theory of 64QAM modulation; 
Rg. 11 is a schematic diagram for explaining the 
arrangement of pilot symbols; 
Rg. 12 is a schematic diagram for explaining a 
transmission symbol after inverse Fourier trans- 
form; 

Rg. 13 is a block diagram showing the structure of 
a receiver of the radio communication system in 
Rg. 5; 

Rg. 14 is a block diagram showing the structure of 
a transmission line estimation circuit; 
Rg. 15 is a schematic diagram for explaining the 
theory of a multiplier 51 in a transmission line esti- 
mation circuit; 

Rg. 16 is a schematic diagram for explaining a sym- 
bol series S40 in a transmission line estimatfon cir- 
cuit; 

Rg. 17 is a schematic diagram for explaining a 

method for generating a reference symbol series in 

a transmission line estimation circuit; 

Rg. 18 is a schematic diagram for explaining a 

metfiod for generating a reference symbol series in 

a transmission line estimation circuit; 

Rg. 19 is a schematic diagram for explaining a 

method for generating a reference symbol series in 

a transmission line estimation circuit; 

Rg. 20 is a block diagram showing the structure of 

a weighting circuit; 

Rg. 21 is a bfock diagram showing the structure of 
a demodulation circuit corresponding to QPSK 
modulation; 

Rg. 22 is a bfock diagram showing the structure of 
a demodulation circuit conresponding to 8PSK tvod- 
ulation; 

Rg. 23 is a block diagram showing the structure of 
a demodulation circuit corresponding to 16QAM 
modulation; and 

Rg. 24 is a bfock diagram showing the structure of 
a demodulation circuit corresponding to 64QAM 
modulation. 

DETAILED DESCRIPTION OF THE EMBODIMENT 

Prefenred emtxxiiments of the present invention will 
be descrfoed with reference to the aocompartying draw- 
ings: 

(1) General Structure of Radio Communication System 

In Fig. 5, symbol 20 denotes a radio communication 
system, for example, such as a portable telephone sys- 
tem to which the present invention is applied as a whole. 
The system is constituted with a base station system 21 
set in each cell formed by dividing an area for providing 
communication services and a portable telephone 22 



serving as a mobile station for communicating with the 
base station system 21. 

The base station system 21 comprises a transmitter 
23 for transmitting information bit series to the portable 

5 telephone 22 by using a predetermined frequency chan- 
nel, a receiver 24 for receiving information bit series 
transmitted from the portable telephone 22 by using a 
predetermined frequency channel, and a controller 25 
for controlling operations of the transmitter 23 and 

w receiver 24. Similarly, the portable telephone 22 com- 
prises a transmitter 26 for transmitting information bit 
series to the base station system 21 by using a prede- 
tennlned frequency channel, a receiver 27 for receiving 
the information bit series transmitted from the base sta- 

15 tion system 21 by using a predetermined frequency 
channel, and a controller 28 for controlling operations of 
the transmitter 26 and receiver 27. 

In the radio communication system 20. a plurality of 
frequency channels are provided for the communication 

20 between the base station system 21 and ttie portat>le 
telephone 22, and an arbitrary pair of frequency chan- 
nels out of the frequency channels are used for the 
communication from the base station system 21 to the 
portable telephone 22 and/or the communication from 

25 the portable telephone 22 to the base station system 
21. In tills case, each frequency channel consists of. for 
example. 24 subcan^iers so as to perform so-called mul- 
ticarrier communication by cfispersedly superimposing 
information bit series to be transmitted on the sut)carri- 

30 ers for communication. In tiie radio communication sys- 
tem 20. information bit series to be transmitted is 
partitioned into slots and the resulting series in a slot is 
dispersedly superimposed on tiie above subcarriers. 
Moreover, in tiie radio communication system 20, fre- 

35 quency channels used for respective slots are changed 
at random in accordance with a prescribed pattern. This 
changing of frequency channels (so-called frequency 
hopping) reduces the influence of interference waves 
from otiier communication. 

40 The transmitters 23. 26, and tiie receivers 24, 27 
mounted on the base station system 21. and the porta- 
ble telephone 22 will be described in detail, thereinafter. 
Since the transmitters 23, 26 have the same structure 
and the receivers 24. 27 have the same structure, only 

45 tiie transmitter 23 and the receiver 27 are descra:>ed 
below. 

(2) Structure of Transmitter 

so Rrstiy. the structure of tiie transmitter 23 is 
described. As shown in Fig. 6, in which a portion con-e- 
sponding to that in Rg. 2 is provided with the same ref- 
erence numeral, tiie transmitter 23 comprises a 
convolutfon coding circuit 2. an interleaving t>uffer 3. a 

55 slotting drcuit 4, a modulation drcuit 5. a pfot symbol 
addition circuit 31 , an Inverse fast Fourier transform cir- 
cuit (IFFT) 32. a transmission drcuit 33, and an ant«fina 
8. The transmitter 23 has almost ttie same structure as 
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the transmitter 1 shown in Fig. 2 except that the inverse 
fast Fourier transform circuit 32 is added and the 
processing in the pilot symbol addition circuit 31 and the 
transmission circuit 33 is changed. 

In the transmitter 23. coded bit groups S4 parti- s 
tioned by the slotting circuit 4 are input to the modula- 
tion circuit 5. The circuit 5 applies synchronous- 
detection-based modulation to the input coded bit 
groups S4. Various modulation methods are applicable 
to the atx>ve modulation, including quadrature phase io 
shift keying modulation (QPSK, or so-called four-phase 
modulation). 8 phase shift keying nKXjulation (8PSK. or 
so-called eight-phase modulation). 16 quadrature 
amplitude modulation (16QAM. or so-called 16-valued 
quadrature amplitude modulation), and 64 quadrature is 
amplitude modulation (64QAM. or so-called 64-valued 
quadrature amplitude modulation). 

The above referenced modulation methods wiO be 
briefly described below. As literally represented, the 
QPSK modulation is a phase modulation method of four 20 
phase states, as shown in Rg. 7. wherein two-bit infor- 
mation is represented by four types of signal points 
(symbols) at the phase values of nM. 37c/4. SidA, or 7n/4 
As shown in Fig. 8. the 8PSK modulation is a phase 
modulation method of eight phase states, wherein 25 
three-bit infonnation is represented by eight types of 
signal points, whose phase values are separate from 
each other by n/4 on a concentric circle having an 
arrplitude of 1. As shown in Fig. 9. the 16QAM modula- 
tion is a modulation method of 16 types of signal points 30 
in different amplitudes, wherein four-bit information is 
r^esented by 16 types of signal points generated by 
dividing each of the mag nitude s of components I and Q 
by threshold value of ± V275. As shown in Rg. 10. the 
64QAM modulation is a modulation method of 64 types 35 
of signal points in different amplitudes, wherein six-bit 
information is represented by 64 types of signal points 
generated by divkjing each of the magnitudes of com- 
ponents I and Q by threshold values of ± >/2/2l, ± 2 x 
N^/21 , and ± 3 X ^^721. In Figs. 7 to 10. each of 40 
numerical values accompanying to the signal points is 
the bit information represented by the point 

The nrxxiulation circuit 5 applies one of these mod- 
ulations to the coded bit groups S4 and outputs the 
resulting information symbol groups S5 to the following 45 
pilot symtx)! addition circuit 31. The pilot symbol addi- 
tion circuit 31 is a circuit for adding pilot symbols P to 
each of the informatbn symbol groups S5. In the trans- 
mitter 23. respective pilot symbols P are not added to 
the head portion of a symbol group, but inserted so 
between information symbols I constituting a symkxrf 
group at equal intervals as shown in Fig. 1 1 . 

In this conn&rtion. since symbols in a slot are dis- 
persed on 24 sutxanriers as described above, one slot 
has 24 symbols consisting of pilot symbols P and infer- ss 
mation symbols I. A pilot symbol P is a symbol of pat- 
terns known at the receiver side: its amplitude value is 1 
and phase value is set at random. However, the phase 



value is set to differ from other communication system 
so that a transmission line is properly estimated. This is 
because the transmission line estimation at the receiver 
side is based on pilot symbols P: if the same pilot sym- 
bol P is used in other communication system, the trans- 
mission line for other communication system should be 
estimated. 

Transmission symtx)! groups S20 generated by 
adding the pilot symbols P are output to the following 
inverse fast Fourier transform circuit 32. The circuit 32 
applies inverse Fourier transform to each of the trans- 
mission symbol groups S20 so as to dispersedly-super- 
impose the respective symt)ols in each of the groups on 
the aforesaid 24 sutx^arriers (that is, so as to arrange 
the symbols on a frequency axis for transmitting). Thus, 
a signal arranged on a frequency axis is generated from 
inputted symbol groips arranged on a time axis. Fig. 12 
shows the state of a transmission symtx)l group S21 
generated by applying inverse Fourier tiransform to the 
group S20. t>ased on the frequency. Rg. 12 shows that 
24 symtx)ls consisting of pilot symbols P and informa- 
tion symbols I are ananged on a frequency axis and the 
24 symbols are assigned to of 24 subcam'ers respec- 
tively by applying inverse Fourier transform to the group 
S21. 

Moreover, the inverse fast Fourier tiransform circuit 
32 applies so-called windowing to the ti-ansmission 
symbol group S21 generated by applying inverse Fou- 
rier transform to the group S21 so as to control unnec- 
essary out-of-band spurious. Specifically, tiie 
windowing is realized by applying a cosine roll-off filter 
to tfie transmission symbol groups S21 on a time base. 
Then, the transmission symbol groups S21 generated 
through the processing via the inverse fast Fourier 
tiransform circuit 32 are output to the following transmis- 
sion circuit 33. 

The transmission circuit 33 applies filtering to-tiie 
transmission symbol groups S21 and tiiereafter. applies 
digital-toanalog conversion to the transmission symbol 
groips S21 to generate a transmission signal. Then, tiie 
transmission circuit 33 generates a transmission signal 
S22 of a prescribed frequency channel by applying fre- 
quency conversion to tiie former transmission signal, 
amplifies the signal S22 up to predetermined power, 
artd transmits the signal S22 via the antenna 8. Moreo- 
ver, the tiansrrassion circuit 33 changes frequency 
channels used for each slot at random in accordance 
with a presaibed pattern, thereby reducing the irrflu- 
ence of interference waves received from other commu- 
nication. 

Thus, the transmitter 23 performs multicarrier com- 
nrujnication for transmitting information bit series to be 
tiransmitted via a plurality of subcan^iers by dispersedly 
superimposing coded bit groups which are partitioned in 
slots on the sutxarriers. 
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(3) Structure C3f Receiver 

As shown in Fig. 13, in which a portion carespond- 
ing to that in Fig. 3 is provided with the same reference 
numeral, the receiver 27 comprises an antenna 11. a 
reception circuit 40, a fast Fourier transform circuit 
(FFT) 41. a demodulation section 42. a slot connection 
circuit 15. a deinterleaving buffer 16, and a Viterbi 
decoding circuit 17. The receiver 27 has almost the 
same structure as the receiver 10 shown in Fig. 3 
except that the fast Fourier transform circuit 41 is added 
and the processing In the reception circuit 40 and the 
demodulation section 42 is changed. 

First, the antenna 1 1 receives the transmission sig- 
nal S22 transmitted from the transmitter 23 and inputs 
the signal to the reception circuit 40 as a reception sig- 
nal S30. The reception circuit 40 amplifies the input 
reception signal S30. fetches a base band signal by 
applying frequency conversion to the reception signal 
S30. filters the base band signal, obtains the reception 
symbol groups S31 by applying analog-to-digital con- 
version to the base band signal, and outputs the recep- 
tion symbol groups S31 to the fast Fourier transform 
circuit 41. 

In this connection, the reception circuit 40 alters fre- 
quency channels to receive in accordance with the 
same pattern as used in the transmission side so as to 
follow the alteration of the frequency channels in the 
transmission side, thereby performing accurate recep- 
tion. 

The fast Fourier transform circuit 41 obtains signal 
components for one slot by applying so-called window- 
ing to the Input reception synr^>ol groups S31. and 
applies Fourier transform to the obtained signal conpo- 
nents. This arranges the components of the signal 
group, which are previously arranged on a frequency 
axis, on a time base. Thus, the reception symbol groups 
S32 obtained by being applied the Fourier transform are 
Input to the following demodulation section 42. In this 
connection, the fast Fourier transform circuit 41 per- 
forms windowing by ai^lying a cosine roll-off filter to the 
reception symbol group S31 on a time base, similarly to 
the case of the inverse fast Fourier transform circuit 32 
at the transmission side. 

The demodulation section 42 comprises a trans- 
mission line estimation circuit 43. a weighting circuit 44. 
and a demodulation circuit 45. First, the supplied recep- 
tion symbol groups S32 are input to the transmission 
line estimation circuit 43 and the weighting circuit 44. 
The transmission line estimation circuit 43 extracts pilot 
symbols P from the reception symbol grotps S32. esti- 
mates the characteristics of the transmission line for 
each symbol in accordance with the amplitude and the 
phases of the pilot symbols R and outputs a symbol 
series S33 showing the above estimation result to the 
fbllcwing weighting circuit 44. 

The weighting circuit 44 calculates the reliability 
(that is, quality) of the transmission line for each symtx>l 



in accordance with the reception symbol groups S32 
and the symbol series S33 showing the characteristics 
of the transmission line. The circuit 44 multiplies each 
information symbol I in the reception symbol group S32 

5 by a weighting factor showing the calculated reliability 
so that the each Information symbol I reflects the relia- 
bility of the transmission line. Then, the weighting circuit 
44 outputs the reception information symt>ol groups S34 
on which the reliak)ility of the transmission line is 

10 reflected to the demodulation circuit 45, and also out- 
puts tiie weighting factors S35 showing the transmis- 
sion-line reliability calculated in symbols to the 
demodulation circuit 45. 

The demodulation circuit 45 fetches coded bit 

15 groups S36 from the reception information symbol 
groups S34 by applying prescribed demodulation (that 
is. demodulation conresponding to the modulation per- 
formed in tiie b^ansmission side, such as QPSK, 8PSK. 
16QAM. or 64QAM) to the symbol groups S34. and out- 

20 puts the coded bit groups S36 to the following slot con- 
nection circuit 15. In this connection, in periorming 
anrptitude-modutation-based denmiulation such as 
16QAM or 64QAM. the demodulation circuit 45 uses the 
weighting factor S35 as a decision ttveshold for denrod- 

25 ulation, and thereby obtain each soft decision bit consti- 
tuting tiie coded bit group S36 from the reception 
intonnation symbol group S34. Each soft decision bit 
constituting tiie coded bit group S36 is not a binary sig- 
nal of 0 or 1 but a multi-valued signal because noise is 

30 added to each soft decision bit in the transmission line. 
The slot connection drcuit 15, which is a drcurt for 
connecting ttie coded bit groups S36 fragmentarily 
obtained in slots one anotiier so as to make a continu- 
ous signal, connects the coded t>it groups S36 when 

35 they are accumulated up to the storage capacity of the 
deinterleaving buffer 16 at the rear stage, and outputs 
tiie resulting coded bit series S37 to the buffer 16. 

The deinterleaving t)uffer 16. which has a storage 
capacity for a plurality of slots, successively stores the 

40 supplied coded bit series 837 In Its Internal storage 
area, restores the order of the series S37 to the original 
order by performing the backward process of the re- 
sequendng performed in tiie interleaving buffer 3 of the 
transnvtter 23. and outputs the resulting coded bit 

45 series S38 to the Vrterbi decoding circuit 1 7. 

The Viterbi decoding circuit 17. which is constituted 
with a soft-decision Viterbi decoding circuit, restores 
ti^ansmitted information bit series S39 by applying max- 
imum-likelihood series estimation to the irput coded bit 

so series 838. In tills case, the front-stage weighting circuit 
44 has reflected the reliabitity (that is, quality) of a trans- 
mission line on the signal level of each received infor- 
mation symbol I by calculating the reliability of the 
transmission fine for each symbol and multiplying the 

55 information symbol I by a weighting factor showing the 
reliability. Thus, tiie signal levels of the coded bit series 
838 input to tiie Viterbi decoding circuit 17 reflect the 
reliability of the transmission line. Therefore, the input- 
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ting of the above series S38 allows the Viterbi decoding 
circuit 17 to perform maximum-likelihood series estima- 
tion upon consideration of the reliability of the transmis- 
sion line for each symbol, resulting in the accurate 
restoration of infonmation bit series S40. 5 

(4) Structure of Transmission Line Estirmtion Circuit 

Hereinafter, the transmission line estimation circuit 
43 will be desaibed in detail In the subsequent descrip- 10 
tion. a pilot symbol P and an information symbol I 
included in the received reception symbol group S32 
are referred to respectively as a pilot symbol P* and an 
information symbol \\ As shown in Fig. 14. in the trans- 
mission line estimation circuit 43. the reception 5ymtx)l 15 
groups S32 supplied from the fast Fourier transform cir- 
cuit 41 are input to a signal separation switch 50. A pilot 
signal P' is extracted from the reception symt>ol group 
S32 by switching on the signal separation switch 50 at 
the timing of the symbol P\ and output to a multiplier 51 . 20 

A reference pilot symbol P^^i read from a pilot sym- 
bol storage circuit 52 is input to the muftipiier 51. The 
multiplier 51 complex-multiplies the value of the pilot 
symbol P* by the conjugate value of the reference pilot 
symbol P^ef so as to obtain a value of the symbol P* 25 
divided by the value of the symbol P^e^ In this connec- 
tion, a reference pilot symbol P^ef is the same symt)ol as 
a pilot symbol P transmitted from the transmission side: 
its amplitude value is 1 and its phase value is equal to 
that of the pilot symbol R Therefore, as shown in Fig. 30 
15. the division performed by the multiplier 51 theoreti- 
cally corresponds to the processing for restoring the 
phase value of the received pilot symbol P' to 0. and 
every symbols in the resulting symbol series S40 has a 
anplitude value of 1 and a phase value of 0. 35 

However, the reception symbol group S32. in fact, 
includes undesirable signal conponents due to influ- 
ence of noise, fading, interference waves, and deviation 
of the windowing in the fast Fourier transform circuit 41. 
Therefore, the received pilot symbol P* does not com- 40 
pletely agree with the transmitted pilot symkx)i R As 
shown in Fig. 16. all of the synrtwis in the symfcx)! series 
S40 output from the nujttiplier 51 do not have amplitude 
values of 1 and phase values of 0. 

Therefore, by observing symbol series S45 output 45 
from the multiplier 51. it is possible to estinnate transmis- 
sion-line characteristics such as noise, fading, influence 
of interference waves, and deviation of windowing. 
Thus, the transmission line estimation circuit 43 esti- 
mates transmission-Bne characteristics by analyzing the so 
symbol senes S40. 

The symbol series S40 obtained thus are input to 
the following nrHjItiprier 53 and delay circuit 54. TTie 
delay circuit 54 successively delays the symbols of the 
symbol series S40 and outputs the resulting delay sym- 55 
bol series S41 to the multiplier 53. The multiplier 53 cal- 
culates a phase difference signal S42 between the 
present symbol and the preceding symtx)l by complex- 



multiplying the conjugate value of the present symbol 
supplied as the symbol series S40 by the conjugate 
value of the preceding symbol SMPplied as the delay 
synrtel series S41. and outputs the signal S42 to the 
following phase value calculation circuit 55. The phase 
value calculation circuit 55 obtains the phase difference 
S43 between the present symbol and the preceding 
symt)ol by calculating the inverse tangent function (so- 
called arc tangent) of the phase difference signal S42. 
and outputs the phase difference S43 to the following 
adder 56. 

The adder 56, which is a circuit for calculating the 
absolute phase value of the present symbol by adding 
the phase difference S43 to the at>solute phase value of 
the resulting preceding symbol, calculates the absolute 
phase value S45 of the present symbol t>y adding the 
phase difference S43 to the absolute phase value S44 
of the preceding symbol delayed by a delay circuit 57, 
and outputs the absolute phase value S45 to the delay 
circuit 57, a multiplier 58, and an accumulative addition 
drcuit 59. 

In this connection, by obtaining the phase differ- 
ence between the present symt>ol and the preceding 
symbol as described above, adding the phase differ- 
ence to the absolute phase value of the preceding sym- 
bol, and obtaining the absolute phase value of the 
present symbol, it is possible to determine the rotational 
direction of a phase when the phase difference between 
the symbols is less than n even if the phase rotation of 
the symbol series S40 is 2n or more as a whole. There- 
fore, it is possible to securely calculate the absolute 
phase value of each symbol. The absolute phase value 
described above is an index for pointing an actual rota- 
tion value. For example, when a phase rotation is 57c/2. 
it is not assumed as 7c/2 but assumed as Sn/2 which is 
the actual rotation value. 

The accumulative addition circuit 59. which is a dr- 
cuit for accumulatively adding absolute phase values 
obtained from the symbol series S40 for one slot, accu- 
mulatively adds the input absolute phase values S45 
arxl outputs the resulting accumulated phase value S46 
to a calculation section 60. The multiplier 58 obtains a 
multiplication value S48 between the absolute phase 
value and the symbol number of each symbol by multi- 
plying the absolute phase value S45 supplied from the 
adder 56 by a symbol number S47 siqsplied from a sym- 
bol counter 61 to be described later, and outputs the 
value S48 to an accunuilative addition drcuit 62. The 
accumulative add'rtion circuit 62 accumulatively adds 
the mujltiplication values S48 obtained from the symbol 
series S40 for one slot and outputs the resulting accu- 
mulated value S49 to the calculation section 60. 

Moreover, the above symtx>l series S40 is also sup- 
plied to an amplitude calculation drcuit 63. The anpli- 
tude calculation drcuit 63 squares each symbol of the 
symbol series S40. calculates the arrplitude of each 
symbol of tiie symtx>l series S40 by ot>taining the 
square root of the squared result, and outputs the ampli- 
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tude of each symbol as an anplitude value S50 to an 
accumulative addition circuit 64 and a multiplier 65. 

The accumulative addition circuit 64 accumulates 
the amplitude values of the respective symtx)ls by accu- 
mulatively adding the amplitude values S50 obtained 
from the symbol series S40 for one slot and outputs the 
resulting accumulative amplitude value S51 to the cal- 
culation section 60. The multipli^ 65 obtains a multipli- 
cation value S52 between the amplitude value and the 
symbol number of each symbol by multiplying tiie ampli- 
tude value S50 supplied from the amplitude calculation 
circuit 63 by the symbol number S47 supplied from the 
symbol counter 61 to be described later, and outputs 
the value S52 to an accumulative ackiition circuit 66. 
The accumulative addition circuit 66 accumulatively 
adds tiie multplication values S52 obtained from the 
syn^l series S40 for one slot and outputs the resulting 
accumulated value S53 to the calculation section 60. 

The transmission line estimation circuit 43 inputs 
the reception symbol group S32 also to the symbol 
counter 61 The symbol counter 61 is a circuit for count- 
ing the number of symbols in the reception symbol 
group S32 in accordance with a symbol clock so as to 
examine at which position in a slot the currently-input 
pilot symbol P is present. The circuit 43 outputs the 
resulting symbol number S47 to the above multipliers 58 
and 65. and outputs the syntK>l number S47 to an accu- 
mulative addition circuit 67 and a square circuit 68. 

The accumulative addition circuit 67 accumulatively 
adds tiie symbol numbers S47 obtained from tiie pilot 
symbols P' for one slot and outputs the resulting accu- 
mulated value S54 of the symbol numbers to tiie calcu- 
lation section 60. The square drcuit 68, in the 
meantime, calculates a square value S55 of tiie symtx)! 
number S47 and outputs the value S55 to the following 
accumulative addition circuit 69. The accumulative addi- 
tion circuit 69 accumulatively adds the square values 
S55 for one slot and outputs the resulting accumulated 
value S56 of the value S55 to the calculation section 60. 

The calculation section 60 calculates the symbol 
series 833 showing the aforesaid transmission-line 
characteristics in accordance with the resulting values 
(S46. S49. S51, S53. S54, and S56). and outputs the 
resulting symbol series S33 to the following weighting 
circdt 44. In this connection, the symbol series S33 cal- 
culated by the calculation section 60 comprises the 
symbols showing the fluctuation amplitude values of the 
reception symbol group S32 suffering amplitude fluctu- 
ation and the phase rotation values of the reception 
symbol group S32. In the following desaiption, the sym- 
bol series 833 is refenred to as a reference symbol 
series 833. 

(5) Reference Symbol Series Generation Method 

The reference symbol series generation method by 
the calculation section 60 will be described below. First, 
the tiieory of the generation metiiod will be described 



before the desaibing of a specific reference symbol 
series generation method. As shown in Fig. 17, tiie 
transmitter 23 transmits the transmission symbol group 
S5 in one slot by superimposing the respective symbols 

5 of the group 85 on 24 sutx^rriers. The subcarriers on 
which tiie tiBnsnrossion symbol groups 85 are superim- 
posed are processed by prescribed transmission 
processing such as frequency conversion, and transmit- 
ted via tiie antenna 8. The transmission signal 822 

10 transmitted from the antenna 8 Is influenced, for exam- 
ple, by frequency selective fading or the like in tiie trans- 
mission line before arriving to the receiver 27. The 
receiver 27 receives the transrrassion signal 822, 
fetches tiie base band signal, and tiien obtains the 

15 reception symbol group 832 corresponding to the trans- 
mission symbol group 85 by applying Fourier transform 
to the signal 822. 

Since tiie reception symbol groip 832 is influenced 
by frequency selective fading in the transmission line. 

20 interference waves, and/or errors in windowing when 
applied Fourier transform as described above, the 
group 832 fluctuates in amplitude and rotates in phase 
against the transmission symbol group 85. Figs. 1 8 and 
19 show examples of tiie amplitude fluctuation and the 

25 phase rotation of the reception synrtel group 832. As 
shown in Fig. 18. amplitude values of each symbol of 
ttie reception symtKrf group 832 are changed in sym- 
bols due to the amplitude fluctuation. 

The amplitude value of each symbol with fluctuation 

30 is generally expressed in an amplitude function r^ and 
the amplitude function r^ is normally a function of 
degree m using a symbd number n as a parameter. 
However, this amplitude functbn r^ may be expressed in 
a linear function of synM number n as shown in the fd- 

35 lowing equation (1) for approximation witii practical 
accuracy, assuming the primary coefficient as ^ and 
the degree zero coefficient (that is. initial value) as ^r. 

r„=*r • n+Cr (1) 

40 

By obtaining the amplitude function r^ shown In the 
equation (1) from the actually-received reception sym- 
tx)l group 832, it is possit>le to generate the reference 
symbol series 833 showing the amplitude value of each 

46 symbol wtth fluctuation by using the amplitude function 
Tn- Thus, as descrit>ed above, the reference symbol 
series 833 is generated by obtaining the primary coeffi- 
cient 4>r and degree zero coefficient ^r of the amplitude 
function rn by using the values (851. 853. 854. and 

50 856) obtained from the pilot symbols P in tiie reception 
symbol group 832. 

Similariy. phase rotation values are changed for 
each symbol of tiie reception symbol group 832 as 
shovm in Rg. 19. The phase rotation value of each sym- 

55 bol is generally expressed in a phase function On. and 
the phase function 6^ is normally a function of degree m 
using symbol numl)er n as a parameter. However, this 
phase function On may be expressed in a finear function 
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of symbol number n as shown in the following Equation 
(2) for approximation with practical accuracy, assuming 
the primary coefficient as <t> 0 and degree zero coeffi- 
cient (that is. initial value) as CO . 

5 

en=*e-n+ce (2) 

By obtaining the phase function Op shown in the 
equation (2) from the actually-received reception sym- 
bol groLps S32, it is possible to generate the reference io 
symtx)l series S33 showing the phase rotation value of 
each symbol of the reception symtx)l group S32 by the 
phase function 6,,. Therefore, as described atxTve, the 
reference symbol series S33 is generated by otxtaining 
the primary coefficient ^ 6 and degree zero coefficient ^ is 
0 of the phase function 6^ by using the values (S46, 
S49. S54, and S56) obtained from pilot symbols P* 
included in the reception symtx>l group S32. 

Hereinafter, a specific method for generating the 
reference symbol series S33 will be desaibed below. 20 
The calculation section 60 obtains the primary coeffi- 
cient <|»r and the degree zero coefficient ^r of the ampli- 
tude furxrtion rp and the primary coefficient <|> 6 and the 
degree zero coefficient C 0 of the phase function 0^ by 
assuming the accumulated phase value S46 obtained 25 
by accumulating the absolute phase value of each sym- 
bol as A, the accumulated value S49 obtained by accu- 
nujlating the multiplication value between each absolute 
phase value and symbol number as B, the amplitude 
accumulated value S51 obtained by £mimulating the 30 
anptitude value of each symbol as C, the accumulated 
value S53 obtained by accumulating the multiplication 
value between each amplitude value and symbol 
number as D. the accumulated value S54 of symbol 
numbers as E, the accumulated value S56 obtained by 35 
accumulating each square value of a symbol numk)er as 

F, and the total number of pilot symbols P* in one slot as 

G. and substituting respective values for the following 
equations (3H6) according to the least-square method. 

40 

<I)r=(G X D- C X E)/(G x F - E x E) (3) 

;r=(C-<|>r X E)/Q (4) 

♦ 0 =(G X B-A X E)/(G X F - E X E) (5) 45 

C e =(A-* e X E)/G (6) 

Moreover, the calculation section 60 obtains the 
amplitude function r^ and the phase function On shown so 
in the equations (1) and (2) by using the resulting coef- 
ficients K and C 0. obtains the amplitude value of 
each symbol with ampfitude fluctuation and the phase 
rotation value for each symbol by successively substitut- 
ing symbol numbers n for the amplitude function t„ and ss 
the phase function On, and generates the reference 
symbol series S33 showing the fluctuation amplitude 
value and phase rotation value thereby 



By estimating characteristics of transmission lines 
such as amplitude fluctuation and phase rotation in 
accordance with pilot symbols P* obtained thus, even if 
frequency selective fading occurs on the transmission 
line» it is possible to estimate the fading characteristic in 
symbols easily. In this connection, when the windowing 
in the fast Fourier transform ctrcurt 41 is deviated, the 
excessive rotation of tiie phases of the respective sym- 
bols commonly occurs at equal intervals. As desaibed 
above, by performing estimation in accordance with 
pilot symkx)ls P' ot>tained through the fast Fourier trans- 
form circuit 41 , it is possible to estimate the phase rota- 
tion at the same time. 

(6) Structure of Weighting Circuit 

This section descrit^ the above-mentioned 
weighting circuit 44. As shown in Fig. 20. tiie weighting 
circuit 44 first inputs the reception symbol group S32 
obtained by the fast Fourier transform circuit 41 to a sig- 
nal separation switch 70. The signal separation switch 

70 is switched to a buffer 71 in cases where the recep- 
tion synrdDol group S32 is at the timings of information 
symbols 1', and is switched to a subtracter 72 in cases 
where the group S32 is at the timings of pilot symbols 
P*. separating the symbols I' from the symbols P*. 

The buffer 71 . which is a storage orcuit for accumu- 
lating information syntx>ls 1' up to one slot, accumulates 
information symbols r by successively storing ttie 
respective symt)ols 1' obtained by tiie signal separation 
switch 70 in its internal storage area. When the informa- 
tion symbols T are accumulated for one slot the buffer 

71 successively reads out and output the symbols 1* 
synchronously with the data output timings of a multi- 
plier 73 to be described later. Meantime, each pilot sym- 
bol P' obtained by the signal separation switch 70 is 
input to the subtracter 72 and used for power calcidation 
of noise components as described later. 

The weis^ng circuit 44 inputs the reference sym- 
bol series S33 generated by the transmission line esti- 
mation circuit 43 to a signal separation switch 74. The 
signal separation switch 74 separates the reference 
symbol series S33 into symbols \f and symt)ols P^ cone- 
sponding to information symkx)ls V and the pilot symtx>ls 
P* respectively by switching to a buffer 75 when tiie 
input reference syn^ series S33 is at the timings of 
the symbols 1^ corresponding to the infomiation symbols 
r and to a multiplier 72 when the symbol series S33 is at 
tiie timings of tiie symbols conresponding to the pilot 
symbols P*. 

The buffer 75 is a storage circuit for accumulating 
each symbol Ir obtained from the reference symbol 
series S33 for one slot. The buffer 75 successively 
stores ttie symbols 1^ obtained by the signal separation 
switch 74 In its internal storage area. When the symbols 
Ir are accumulated for one slot, the buffer 75 succes- 
sively reads out and outputs the accumulated symbols Ir 
synchronously with the data output timings of the above 
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buffer 71. 

Meantime, the symi3ols Pr corresponding to tlie 
pilot synftx)ls P' obtained by the signal separation 
switch 74 are input to the subtracter 72. The subtracter 

72 is a circuit for extracting noise components (that is, 
undesired signal components) included in the reception 
symbol group S32. It subtracts the amplitude values of 
the above symbols Pr from the amplitude values of the 
input pilot symbols P* to obtain noise components in the 
symbols P\ and outputs the resulting noise conrponents 
to a square circuit 76 as noise components S60 of the 
reception symbol group S32. 

The square circuit 76 calculates noise power S61 of 
each symbol by squaring each of the noise component 
S60. and outputs the resulting noise power S61 to an 
accumulative addition circuit 77. The accumulative addi- 
tion drcuit 77 obtains a total value of noise power for 
one slot by accumulating the noise power S61 for 
respective symbols, and outputs the total value to an 
inversenunt>er calculation circuit 78 as total noise 
power S62. The inverse-number calculation circuit 78 
obtains the inverse nunt>er S63 of the total noise power 

562 and outputs the inverse number S63 to multipliers 

73 and 79. 

The symbol 1^ read from the above buffer 75 is input 
to the multiplier 73 in addition to the inverse number S63 
of the total noise power. The multiplier 73 multiplies the 
conjugate value of the symbol Ir by the inverse number 

563 of the total noise power and outputs the multiplica- 
tion result to a multv>lier 80 as a weighting factor S64. 
The multiplier 80 multiplies an information symt>ol 1* out- 
putted from the buffer 71 by the weighting factor S64 so 
as to elinnnate the phase rotation of the information 
symbol 1*. thereby reflecting the reliability of the trans- 
mission line on the information symbol r. Moreover, the 
multiplier 80 outputs the information symbol 1*. the 
phase rotation of which is eliminated and on which the 
reliabtlity is reflected, to the following demodulation or- 
curt 45 as a reception information symbol group S34. 

Hereinafter, the theory of the at)ove case in which 
the phase rotation is eliminated by multiplication and the 
reBafcxIity of the transmission line is reflected is 
described below. First, the phase value of a symt>ol 1^ 
output from the buffer 75 shows the phase value of the 
phase rotation of the corresponding information symtx>t 
r. The symbol If is input to the multiplier 73 in which the 
conjugate value of the symt>ol 1^ is calculated. Since the 
weighting factor S64 supplied to the multrplier 80 is a 
factor obtained by multiplying the conjugate value of the 
symbol 1^ by the inverse number S63 of the total noise 
power, the phase value of the weighting factor S64 is 
opposite to the phase rotation value of the information 
symbol V. Therefore, the multiplying of the information 
symbol V by the weighting ^ctor S64 removes the 
phase rotatbn from the information symbol W 

Moreover, the ampfrtude value of a symbol Ir output 
from the buffer 75 shows the amplitude value of the cor- 
responding information symbol r with a fluctuation in 



amplitude. Because the weighting factor S64 is a factor 
obtained by multiplying the symbol Ir by the inverse 
number S63 of the total noise power, the amplitude 
value of the weighting factor S64 is equal to the value 

5 otrtained by dividing the amplitude value of the informa- 
tion symt>ol r by the total noise power. Therefore, after 
multiplied by the weighting factor S64. the amplitude 
value of the information symtx)l 1' equals to the value 
obtained by squaring the before-themultiplication ampli- 

10 tude value of the symbol I* and dividing it by the total 
noise power, that is. the value obtained by dividing the 
signal power by the total noise power. As a result, the 
signal level of the information symbol r after the multipli- 
cation equals to a corresponding value to the signal-to- 

/5 noise power ratio S/N showing the reliability (quality) of 
the transmission line, thereby reflecting the reliability of 
the transmission line. 

Meantime, in tiie weighting circuit 44. tiie symbols 1^ 
output from the buffer 75 are also input to a square cir- 

20 cuit 81. The square circuit 81 calculates signal |X>wer 
S65 of respective symbols by successively squaring the 
ampGtude value of the each supplied symbol Ir and out- 
puts the signal power S65 to the multiplier 79. The mul- 
tiplier 79 calculates the signal-to-noise power ratio S/N 

25 for each symbol by multiplying tiie signal power S65 of 
each symt)ol by the inverse number S63 of tiie total 
noise power, and supplies the signal-to-noise power 
ratio S/N to the following denxxjulation dicuit 45 as the 
weighting factor 335. In this connection, this weighting 

30 fector 835 is used in the demodulation drcuit 45 as a 
decision threshold for demodulation. In the case where 
a phase-modulation-based denrxxiulation circuit such 
as QPSK or 8PSK drcuit is empbyed as tiie demodida- 
tion circuit 45, tiie square circuit 81 and the multiplier 79 

35 are omissible because no decision threshold is in use in 
QPSKorSPSK. 

Thus, the weighting circuit 44 can eliminate the 
phase rotation of the symbols in the reception symlx>l 
^oups S32 and reflect the refiability of the transnnssbn 

40 line on the symtx)ls of the reception symtx>l groups S32 
with a relatively sinple structure by obtaining the noise 
power S62 based on the amplitude difference between 
the received reception syn^l groups 332 and the ref- 
erence symbol series 333, by calculating the weighting 

45 factors 364 in accordance with the noise power 362 and 
the reference synr^l series 333. and by weighting tiie 
reception symbol groups 332. 

(7) Sto^ucture of Demodulation Circuit 

so 

This section descrbes the above-mentioned 
demodulation circuit 45. Structures of the demodulation 
drcuit 45 vary in accordance with the nrKxiulation 
method employed at the transmission side. Therefore. 
55 the structures of the each modulation method will be 
respectively descn'k>ed. 
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(7-1) Structure of Demodulation Circuit corresponding 
toQPSK 

When QPSK is employed at the transmission side, 
the demodulation circuit 45 is constituted as shown in 
Fig. 21 . The circuit 45 obtains the components I and Q 
of each symt)ol received as the reception information 
symbol group S34 directly as a first and second soft 
dedsion bits b1 and b2, and outputs the first and sec- 
ond soft decision bits b1 and b2 as the restored coded 
bit group S36. 

(7-2) Structure of Demodulation Circuit corresponding 
to8PSK 

When 8PSK is employed at the transmission side, 
the demodulation circuit 45 is constituted as shown in 
Fig. 22. The circuit 45 obtains the components I and Q 
of each symbol received as the reception Information 
syrrtol group 834 directly as a first and second soft 
decision bits b1 and b2. and further obtains a third soft 
decision bit b3 by applying prescribed operation to the 
components I arvl and outputs the oi>tained first, sec- 
ond, and third soft dedsion bits b1. b2. and b3 as the 
restored coded bit group 836. 

To obtain the third soft decision bit b3, the demodu- 
lation drcuit 45 first inputs the components I and Q to 
absolute value drcuits 90 and 91 respectively. The 
absolute value circuts 90 and 91 obtain the absolute 
values 870 and 871 of the input components I and Q 
respectively and output the at>solute values 870 and 
871 to a subtracter 92. The subtracter 92 subtracts the 
absolute value 871 of the component Q from the abso- 
lute value 870 of the component I and outputs the differ- 
ence value 872 to an arithmetic drcuit 93. The 
arithmetic drcuit 93 muKipties the difference value 872 
between the components I and Q by 1 / V2. for example, 
and outputs the operation result as the third soft deci- 
sion bit b3. Tha^eby. in accordance with the above 
processing, the demodulation circuit 45 obtains the first, 
second, and third soft dedsion bits bl. b2. and b3 with 
a simple structure. 

(7-3) Structure of Demodulation Circuit corresponding 
tolGQAM 

When 16QAM is employed at the transmission side, 
the demodulation drcuit 45 is constituted as shown in 
Fig. 23. The drcuit 45 obtains the components I and Q 
of each symbol received as the reception infbmiation 
symbol group 834 directly as a first and second soft 
dedsion bits bl and b2. further obtains a third and 
fourth soft dedsbn bits b3 and b4 by applying pre- 
scrft>ed operation to the components I and O. and out- 
puts the resulting first second, third* and fourth soft 
decision tnts bl, b2, b3. and b4 as the restored coded 
bit group 836. 

To ot>tain the third and fourth soft decision bits b3 



and b4, the demodulation drcuit 45 first inputs the com- 
ponents I and Q to absolute value circuits 95 and 96 
respectively. The at>solute value drcuHs 95 and 96 
obtain the absolute values 875 and 876 of the input 

5 components I and Q respectively and outputs the values 
875 and 876 to subtracters 97 and 98 respectively. A 
signal-level decision threshold 877 is input to the sub- 
tracters 97 and 98 respectively. The decision threshold 
877 is generated by multiplying the weighting factor 835 

10 supplied from the weighting drcuit 44 by V2 / 5 via an 
arithmetic circuit 99. 

In this connection, the reason why the decision 
threshold 877 is generated in accordance with the 
weighting factor 835 as described above is that the sig- 

15 nal level of the reception information symbol group 834 
varies through the weighting process correspondingly to 
the reliability of a transmission line. Therefore, the 
demodulation drcuit 45 firstly generates the decision 
threshold 877 in accordance with the weighting factor 

20 835 obtained from the weighting drcuit 44, and then 
changes the signal level of the dedsion threshold 877 
correspondingly to the processing by the weighting cir- 
cuit 44. 

The siiDtracter 97 subtracts the decision threshold 

25 877 from the absolute value 875 of the component I 
and outputs the operation result as the third soft ded- 
sion bit b3. Similarly, the subtracter 98 subtracts the 
decision threshdd 877 from the absolute value 876 of 
the component Q and outputs the operation result as 

30 the fourth soft dedsion bit t>4. 

Thus, by using the values of the conponents I and 
Q directly as the first and second soft decision bits bl 
and bZ, obtaining the third soft dedsion bit b3 by sub- 
tracting the dedsion threshold 877 from the at>solute 

35 value 875 of the component I. and obtaining the fourth 
soft dedsion bit b4 by subtracting the decision threshold 
877 from the at)solute value 876 of the component Q. 
the demodulation drcuit 45 can easily obtain the first, 
second, third, and fourth soft dedsion bits bl, b2. b3. 

40 and k>4 with a simple structure. Moreover, generating 
the decision threshold 877 in accordance with the 
weighting factor 835 enatsles the accurate restoration of 
the soft decision bits bl to M correspondingly to the 
change of signal levels, even if signal levels of the 

45 reception information symbd groups 834 are changed 
through the front-stage weighting drcuit 44 correspond- 
ingly to the reliability of a transmission line. 

(7-4) Structure of Demodulation Circuit corresponding 
so to64QAM 

When 64QAM is employed at the transmissbn side, 
the denKxJulation drcuit 45 is constituted as shown in 
Fig. 24. The circuit 45 obtains the components I and Q 
55 of each symbol received as the reception information 
symbol group 834 direcdY as a first and second soft 
dedsion bits bl and b2 respectively, obtains a third, 
fourth, fifth, and sixth soft dedsion bits t>3 to b6 by 
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applying prescribed operation to the components I and 
Q. and outputs the resulting first to sixth soft decision 
bits b1 to b6 as the restored coded bit group S36. 

To obtain the third to sixth soft decision bits b3 to 
b6. the demodulation circuit 45 first inputs the compo- 
nents I and Q to absolute value circuits 100 and 101 
respectively. The absolute value circuits 100 and 101 
obtain the absolute values S80 and S81 of the input 
components I and Q respectively, and outputs the val- 
ues S80 and 881 to subtracters 102 and 103 respec- 
tively. A signal-level first decision threshold S82 is input 
to the subtracters 102 and 103 respectively The first 
decision threshold S82 is generated by multiplying the 
weighting factor S35 supplied from the weighting circuit 
44 by V8 / 21 via an arithmetic circuit 104. 

The subtracter 102 sut>tracts the first decision 
threshold S82 from the absolute value S80 of the com- 
ponent I, outputs the operation result as the third soft 
decision bit b3. and also outputs the operation result to 
an absolute value circuit 105. Similarly, the subtracter 
103 subtracts the first decision threshold S82 from the 
absolute value S81 of the component Q, outputs the 
operation result as the fourth soft decision bit b4, and 
also outputs the operation result to an absolute value 
circuit 106- 

The absolute value circuits 105 and 106 obtain the 
absolute values S83 and 884 of the input third soft deci- 
sion bit b3 and fourth soft decision bit b4 respectively, 
and output the values 883 and 884 to subtracters 107 
and 108 respectively. A signal-level second decision 
threshold 885 is input to subtracters 107 and 108. The 
second decision threshold 885 is also generated teased 
on the weighting factor 835. by multiplying the weighting 
factor 835 by ^ / 21 via an arithmetic circuit 109. In this 
connection, the reason why the first and second deci- 
sion thresholds 882 and 885 are generated based on 
the weighting fector 835 is the same as in tfie case of 
the above 16QAM. 

The subtracter 107 subtracts the second decision 
threshold 885 from the absolute value 883 of the third 
soft decision bit b3 and outputs the operation result as 
the fifth soft decision bit bS. Similarly, the subtracter 1 08 
subtracts the second decision threshold 885 from the 
absolute value 884 of the fourth soft decision bit b4 and 
outputs the operation result as the sixth soft decision bit 
b6. 

Thus, by using the values of the components I and 
Q directly as the first and second soft decision bits b1 
and b2. obtaining the third soft decision bH b3 by sub- 
tracting the first decision threshold 882 from the abso- 
lute value 880 of the component I, ot>taining the fourth 
soft decision bit t)4 by subtracting the first decision 
threshold 882 from the absolute value S81 of the com- 
ponent Q. obtaning the fifth soft decision bit b5 by sub- 
tracting the second decisbn threshold 885 from the 
absolute value 883 of the third soft decision bit b3. and 
obtaining the sixth soft dedsion bit bS by subtracting the 
second decision threshold 885 from the absolute value 



884 of the fourth soft decision bit b4. the demodulation 
circuit 45 can easily obtain the first to sixth soft decision 
bits b1 to t)6 with a simple structure. Moreover, generat- 
ing the first and second decision thresholds 882 ar^J 

5 885 in accordance with the weighting factor 835 per- 
mits the accurate restoration of the soft decision tits b1 
to t>6 by following the change of signal levels, even if sig- 
nal levels of the reception information symtx)! grot|)S 
834 are changed correspondingly to the reliability of a 

10 transmission line. 

(8) Operation and Effects 

According to the above structure, the radio commu- 

75 nication system 20 first generates the transmission 
symbol group 820 by inserting pilot syml^s P between 
information symkx)ls I, superimposes respective sym- 
bols of the group 820 on 24 sutx»rriers one each, and 
transmits the group S20. At the reception side, the 

20 reception symbol group 832 obtained by prescribed 
reception processing is input to the transmission line 
estimation circuit 43 to extract the received pilot sym- 
bols P' from the reception symlx)! group 832. The per- 
forming of prescribed operation in accordance with the 

25 amplitude and phase information of the pilot symbol P' 
gaierates the reference symbol series 833. which 
shows amplitude fluctuations and phase rotations in the 
reception symlx>l group 832. In this case, inserting tiie 
pilot syn^ls P between the information syntx)ls I at 

30 the transmissbn side allows the reception side to esti- 
mate tiie Influence, upon all tiie slots, of fading caused 
in transmission, and generates the reference symbol 
series 833 accurately. 

The reference symtx>l series 833 generated in this 

35 way is input to the following weighting circuit 44. The 
weighting circuit 44 extracts a pilot symbol P* from the 
reception symbol group 832. and extracts the symbol P^ 
corresponding to ttie pilot symtx)! P' from the reference 
symbol series S33 to calculate the noise power 862 

40 based on ttie anplitude difference between the pilot 
symbol P* and tiie symbol P,. Moreover, the weighting 
circuit 44 extracts the symbol 1, conresponding to an 
information symtx)l r from the reference symkx)! series 
833, multiplies tiie corqu^te value of the symbol by 

45 the inverse number of the noise power 862 to obtain tiie 
weighting factor 864. and multiplies tiie received infor- 
mation symbol V by the weigfiting factor 864. 

In this case, the symtx>l 1, shows the phase rotation 
of the information symbol 1*. and the oorijugate value of 

50 tiie symbol 1^ shows the inverse characteristics of the 
phase rotation. Therefore, by multiplying the information 
symt>ol r by the weigfiting factor 864 having tiie conju- 
gate value of tiie symbol 1^ it is possble to eliminate the 
phase rotation of the information symbol 1* caused in 

55 transmission. Moreover, the symtx>l Ir shows the ampli- 
tude value of tiie information symbol I*. Therefore, after 
multiplied by the weighting factor 864 generated by mul- 
tiplying the symbol ^ by the inverse number of ttie noise 
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power S62, the resulting amplitude value of the informa- 
tion symbol r after the multiplication equals to the value 
obtained by squaring the amplitude value before the 
multiplication and multiplying the squared amplitude 
value by the inverse number of the noise power. That is, 5 
the amplitude value of the information symbol 1* after the 
multiplication equals to a value corresponding to the 
signat-to-nolse power ratio S/N showing the reliability 
(quality) of the transmission tine, and thereby, the relia- 
bility of the transmission line is reflected in synrtols. w 

Here, the amplltiKje fluctuation of the information 
symbol r is not particularly corrected in the above case 
so that weighting can be perlbrmed in symbols by leav- 
ing the amplitude fluctuation which is caused in the 
transmission line as it is. That is. in the above case, an 15 
information symbol having a large amplitude f hictuation 
can be recognized as a symbol having low reliability of 
the transmission line and an information symbol having 
a small amplitude fluctuation can be recognized as a 
symix>t having h^h reliability of the transmission line. 20 
Moreover, as the information symbol 1* after nujitiplied 
by the weighting factor S64 is proportional to the square 
of the amplitude, the reliability of a transmission line can 
be more accurately recognized. 

After the eliminating of the phase rotation and the 25 
reflecting of the reliability of tine transmission line, the 
resulting information symt>ol I (=S34) is input to the fol- 
lowing demodulation circuit 45. The demodulation cir- 
cuit 45 restores tiie coded bit group S36 by 
denfKxJulating such information symbols S34. The 30 
coded bit group S36 is suljjecled to prescribed process- 
ing at the slot connection circuit 15 and tiie deinterleav- 
ing buffer 16 before being input to the Viterbi decoding 
circuit 17 as tiie coded bit series S38. The Viterbi 
decoding circuit 17 applies maximumlikelihood series 35 
estinnation to the coded bit series S38 to restore the 
transmitted information bit series S39. In this case, the 
reliability of the transmission line is reflected on tiie sig- 
nal levels of the respective symtx)ls on the coded bit 
series S38. This allows the Viteibi decoding circuit 17 to 40 
perform maximum-likelihood series estimation in con- 
sideration of the reOatxIity of the transmission line in 
symbols, tiiat is. to perform the estimation witii a higher 
degree of accuracy, resulting in more accurate restora- 
tfon of the information bit series S39. 45 

Thus, in tiie radio communication system 20. the 
symbols of the transmission ^mbol group S20 are dis- 
persedly superimposed on 24 subcarriers and transmit- 
ted, that is, are arranged on a frequency axis and 
transmitted. This alfows the phase rotation caused in so 
transmission to be eliminated at the reception side by 
multiplication for each symbol wrtiiout using an equal- 
izer for performing convolution multiplication in a time 
domain as ever. And tiiereby. it is possible to simplify the 
structure of a receiver. 55 

Moreover, in tiie radio comnunication system 20, it 
is also possible to simplify tiie structure of a receiver 
because the multiplication for eliminating phase rotation 



and the multiplication for r^lecting tiie reliability of a 
transmission line are simultaneously performed by tiie 
same weighting circuit 44. 

Furthermore, in tfie radio communication system 
20. frequency channels used for respective slots in 
tiansmission are changed at random., tiiat is, per- 
fomfied so-called frequency hopping, and interieaving is 
performed over a plurality of slots. This permits ttie 
power of interference waves to be averaged in cases 
where some of tiie stots are suffered from tiie interfer- 
ence waves, thereby checking the influence of the Inter- 
ference waves. 

In this connection, because tiie power of interfer- 
ence waves is recognized as noise components by the 
weighting circuit 44, the weighting factor S64 becomes 
small while interference waves are received, and as a 
result, tiie signal level of a coded bit influenced by inter- 
ference waves lowers. Therefore, the presence of inter- 
ference waves results in lower signal levels of the 
influenced coded bits, allowing the Viteribi decoding cir- 
cuit 1 7 to perform maximum-likelihood series estimation 
accurately so tiiat transmitted information bits are 
restored accurately. 

According to the above structure, by extracting pilot 
symbols from reception symtx)ls, generating reference 
symbols showing transmission-line characteristics in 
accordance with the amplitude and phases of ttie pilot 
symbols, calculating weighting factors in symtwis in 
accordance with the reference symbols and the recep- 
tion symbols, and multiplying information symbols in tiie 
reception symbols by tiie weighting factors, it is possible 
for a simple structure to eliminate tiie phase rotation 
received by infomiation symbols in a transmission line, 
reflect the reliability of the ti-ansmission line on each 
information symbol, and restore transmitted information 
bits accurately by performing maximum-likelihood 
series estimation with a high degree of accuracy. 

(9) Other Embodiments 

For the atx>ve embodiment, a case where pilot sym- 
tx)ls P are inserted betwe^ information symbols I at 
equal intervals has been desaibed. However, tiie 
present invention is not restricted to the above case. It is 
also possible to insert pilot symbols P at random inter- 
vals. In short, it is also possible to obtain the same 
advantage as descrit>ed above by property dispersedly 
inserting pilot symbols P between information synrix3is 
I. 

Moreover, for the above embodiment, a case of 
changing frequency channels at random in accordance 
with a known pattern, that is. a case of performing so- 
called frequency hopping has been described. How- 
ever, the present invention is not restricted to the case. 
It is also possible to fix a frequency channel unless the 
influence of interference waves occurs. 

Furthermore, for the above enftfxxliment. a case of 
obtaining tiie total of the noise power S61 by ttie weight- 
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ing circuit 44 and generating the weighting factor S64 
based on the resulting total noise power S62 has been 
described. However, the present invention is not 
restricted to the case. It is also possible to obtain the 
average value of noise power included in symbols and 
calculate the weighting factor S64 in accordance with 
the average noise power. 

Furthermore, for the atx>ve emtxxJiment. a case 
where the weighting factors S35 generated by the 
weighting circuit 44 are supplied only to the demodula- 
tion circuit 45 has been described. However, the present 
invention is not restricted to the case. It is also possible 
to output the weighting factor S35 to the controller 28 
and use the factor S35 for the control of transmission 
power performed by the controller 28. 

Furthermore, for the above embodiment, a case 
where the primary coefficient ((» 0 of the phase function 
On is obtained to generate the reference symbol series 
S33 has been described. However, the present inven- 
tion is not restricted to the case. It is also possible to 
supply the primary coefficient <|> 0 to the controller 28 
and control the windowing by the fast Fourier transform 
circuit 41 in accordance with the primary coeff iciertt 4> 9 . 

Furthermore, for the atx}ve embodiment, a case 
where the convolution coding circuit 2 is employed for a 
coding circuit and the Viterbi decoding circuit 17 for a 
decoding circuit has been described. However, the 
present invention is not restricted to the case. It is also 
possible to use a coding and decoding circuits for per- 
forming other type of coding such as turbo-coding. In 
short, it is possible to obtain the same advantage as the 
case descrbed above by using the type of coding for 
increasing the distances t>etween series at the trans- 
mission side and using a coding/decoding method for 
decoding coded bit series in accordance with maxi- 
mum-likelihood series estimation at the reception side. 

Furthermore, for the above ent)odiment, a case 
where the present invention is applied to the radio com- 
munication system 20 in the fomn of a portable tele- 
phone system has been descrit>ed. However, the 
present invention is not restricted to the case. It is also 
possible to apply the present invention to other radio 
communication systems such as a cordless telephone 
system. 

Furthermore, the above description of the emtxxJi- 
ment has descrtt>ed a case where the receiver 27 com- 
prises the following means and circuits: the reception 
means having the reception circuit 40 and the fast Fou- 
rier transform drcuit 41 ; the transmission line estimation 
circuit 43 for estimating characteristics of a transmission 
line in accordance with the reception symbol group S32: 
the weighting circuit 44 for calculating a weighting factor 
in accordance with the estimation result S33 by the 
transmission line estimation circuit 43 and the reception 
symtx)l group S32. and reflecting the reliakxiity of a 
transmission line on the received information symtx)! 1': 
the demodulation circuit 45 for restoring the coded bit 
group S36 from the information symbol Y on which the 



reliability of the transmission line is reflected (=S34); 
and the Viterbi decoding circuit 1 7 for restoring the infor- 
mation bit series S39 transmitted from the coded k>it 
group S36. However, the present Invention is not 

5 resti^lcted to ttie case. It is also possible to obtain ttie 
same advantage as the case described above by pro- 
viding the following means for a receiver: reception 
means for partitioning coded bit series obtained by cod- 
ing Information bit series for each prescribed informa- 

10 tion unit and thereby generating coded bit groups, 
applying prescrit}ed modulation to each of the coded tiit 
groups arxi tiiereby generating information symbol 
groups, inserting a pilot symbol whose amplitude and 
phase are known into each of the Information symbol 

75 groups and thereby generating a transmission symbol 
group, receiving a transmission signal generated by dis- 
persedly superimposing the symbols of the transmis- 
sion symbol group on a plurality of sut^carriers forming 
a frequency channel, and outputting reception symbol 

20 groups; transmission line estimation means for exfract- 
ing a pilot symbol from each of the reception symbol 
groups and estimating characteristics of a fransmission 
line for each symbol in accordance with tiie amplitude 
and phase of the pilot symbol; weighting means for 

25 extracting information symbol groups from reception 
syn^l groups and calculating a weighting factor show- 
ing the reliability of a transmission line in symbols in 
accordance with the estimation result by the transmis- 
sion line estimation means and the reception symbol 

30 groups, multiplying each symbol of an exfracted infor- 
mation symtx}l group by the weighting factor and 
thereby reflecting the reliability of the fransmission line 
in symbols; denrxxfulation means for applying pre- 
scrit^ed demodulation to the information synr^l group 

35 on v\^lch the reliability of a transmission line obtained by 
the weighting means is reflected and thereto restoring 
coded bit groups; and decoding means for applying 
maximunvllkelihood series estimation to each of the 
coded bit groups obtained by the demodulation means 

40 and tiiereby restoring information bit series. 

Furthermore. In the atxive embodiment, it has been 
described in the case where the base station system 21 
or the portat)le telephone 22 is provided witii: a frans- 
mitter having the corrvolution coding circuit 2. the stot- 

45 ting circuit 4, the modulation circuit 5. the pilot symbol 
addition circuit 31 . the inverse fast Fourier fransform cir- 
cuit 32, and the transmission circuit 33; and a receiver 
having the reception circuit 40, the fast Fourier trans- 
form circuit 41. the fransmission line estimation circuit 

50 43. the weighting circuit 44, the demodulation circuit 45, 
and the ViteriDi decoding circuit 17. However, tfie 
present invention is not resfricted to the case. The 
advantage same as the case described akxsve can be 
obtained by providing the folfowing means for a trans- 

55 mitter-receiver: transmissfon means for partitioning 
coded bit series obtained by coding infonmab'on bit 
series for each prescribed information unit arrcl thereby 
generating coded bit groups, applying preserved mod- 
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ulation to each of the coded bit groups and thereby gen- 
erating information symbol groups, inserting a pilot 
symbol wtx)se anplitude and phase are known into 
each of the information symtx)i groups and thereby gen- 
erating a transmission symbol group, dispersedly super- 5 
imposing each symbol of the transmission symbol 
group on a plurality of subcanriers forming a frequency 
channel and thereby generating a transmission signal, 
and transmitting the transmission signal to the commu- 
nication counterpart; reception means for receiving a w 
transmission signal from the communication counter- 
part and outputting reception symbol groups; transmis- 
sion line estimation means for extracting a pilot symbol 
from each of the reception symt)ol groups and estimat- 
ing characteristics of a transmission line for each synv 75 
bol in accordance with the amplitude and phase of the 
pilot symbol; weighting means for extracting information 
symbol groups from reception symbol groups, calculat- 
ing a weighting factor showing the reliability of a trans- 
mission line in symbols in accordance with the result of 20 
the estimation by the transmission line estimation 
means and the reception symbol groups, multiplying 
each symbol of an extracted information symbol group 
tiy the weighting factor, and thereby reflecting the relia- 
bility of the transmission line in symbols; demodulation 25 
means for applying prescribed demodulation to the 
information symbol groups obtained by the weighting 
means and thereby restoring coded bit groups; and 
decoding means for applying maximum-likelihood 
series estimation to each of the coded bit groijps 30 
obtained by the demodulation means and ther^ 
restoring information bit series. 

Furthemiore, for the above embodiment, it has 
been desaibed in the case where: at the transmission 
side, pilot symbols P are inserted between information 35 
symbols I arxl the transmission syntei group S20 is 
transmitted by using a plurality of subcanriers; and, at 
the reception side, pilot symbols P' are extracted from 
the reception symbol group S32, characteristics of a 
transmission line are estimated in accordance with the 40 
pilot symbols P', the reliability of a transmission line is 
calculated bi accordance with the estimation result S33 
of the transmission line and the reception symbol group 
S32, and the reliability of the transmission line is 
reflected on a received infonnation symbol W However, 45 
the present invention is not restricted to the case. It is 
also possible to obtain the advantage same as the case 
desaibed above by: partitioning coded bit series 
obtained by coding information bit series for each pre- 
scribed infbrmatfon unH and thereby generating coded so 
bit groups, applying presaibed modulation fo each of 
the coded bit groups and thereby generating infonna- 
tion symbol groups, inserting a f»lot symbol whose 
amplitude and phase are known into each of the infor- 
mation symbol groups to generate a transmission sym- 55 
bol group, dispersedly superimposing each synt)ol of 
the transmssion symbol group on a plurality of subcar- 
riers forming a frequency channel and thereby generat- 



ing a transmission signal, and transmitting ttie 
transm^sion signal to tiie communication counterpart; 
and, at the reception side, receiving a transmission sig- 
nal from tiie communication counterpart to obtain a 
reception symbol group, estimating characteristics of a 
transmission line for each symbol in accordance witii 
the amplitude and phase of a pilot symbol extracted 
from the reception symbol group, calculating a weight- 
ing factor showing the reliability of a transmission line in 
symt)ols in accordance with the estimation result and 
tiie reception symtx)l group, multiplying each symbol of 
an information symbol group extracted from the recep- 
tion symbol group by the weighting factor and tiiereby 
reflecting the reliability of the transmission line in sym- 
fcx>ls, applying maximum-likelihood series estimation to 
each of the coded bit groups restored by applying pre- 
scribed demodulation to an information symlx>l group 
on which the reliability of the transmission line is 
reflected, and thereby restoring information bit series. 

As described above, according to the present 
invention, by estimating characteristics of a transmis- 
sion line for each symbol in accordance witii the ampfi- 
tude and phase of pilot symbols extracted from a 
reckon symix)l group, calculating a weighting factor 
showing the reliability of a transmission line in symtx)ls 
in accordance witii the estimation result and the recep- 
tion symbol group, multiplying respective symbols of an 
infonnation symbol group extracted from tiie reception 
symbol group by the weighting factors to reflect the reli- 
ability of the transmission line in symtx)ls. and applying 
maximum-likelihood series estimation to a coded bit 
group restored from an information symbol group on 
which the reliability is reflected to restore information bit 
series, it is possit>le to eliminate the phase rotation 
caused in a transmission line with a simple structure, 
reflect the reliability of a transmission line in symbols, 
and thus accurately restore transmitted information bit 
series by accurately performing maximum-likelihood 
series estimation. 

While there has been descril>ed in connection with 
ttie prefened embodiments of the invention, it will be 
otTvious to ttiose skilled in the art that various changes 
and modifications may be aimed, therefore, to cover in 
the appended claims all such changes and modifica- 
tions as fall within the true spirit and scope of the inven- 
tion. 

Claims 

1 . A receiver comprising: 

receiving means for receiving a transmission 
signal and outputting reception symbol groups, 
wherein the transmission signal has t>een gen- 
erated by 

partitioning a coded bit series obtained by 
coding an information bit series for each 
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presaibed information unit to generate 
coded bit groips. 

applying prescribed nxxiulation to each of 
said coded bit groups to generate informa* 
tion symbol groups. 5 
Inserting pilot symbols of known amplitude 
and phases into each of said information 
symbol groups to generate transmission 
symbol groups, and 

dispersedly superinposing respective io 
symbols of said transmission symbol 
groups on a plurality of sut>caniers which 
tbrm a frequency channel; 

transmission line estimation means for extract- is 
Ing said pilot symtx)ls from each of said recep- 
tion symbol groups and estimating 
characteristics of the transmission line for each 
symbol in accordance with the amplitude and 
phases of said pilot symbols; 20 
weighting means for 

extracting said information symbol groups 
from said reception symbol groups, 
calculating weighting Actors showing the 2S 
reliability of the transmission line for 
respective symbols in accordance with the 
estimation result of said transmission line 
estimation means and said reception sym- 
bol groi4>s. and 30 
multiplying respective symbols of said 
extracted information symbol groups by 
said weighting factors to reflect the reliabil- 
ity of said transmission line on the respec- 
tive symbols; 35 

demodulation means for restoring said coded 
bit groups by applying prescribed demodula- 
tion to said information symbol groups on 
which the reliabitity of said transmission line 40 
obtained by said weighting means is reflected; 
arKi 

decoding means for ap^ying maximum-likeli- 
hood series estimation to each of said coded 
bit groups obtained by said demodulation 45 
means to restore said information bit series. 

The receiver according to daim 1, whereinp 

in the case where said modulation employed at so 
the transmission side is eight phase shift key- 
ing. 

said denrKxiulation means 

obtains components I and Q of said infor- ss 
mation symbol group as a first and second 
soft decision bits respectively, 
subtracts the absolute value of said comv 



ponent Q from the absolute value of said 
component 1. 

obtains a third soft decision bit by multiply- 
ing the resulting difference value by a pre- 
saibed number, and 

outputs said obtained first, second and 
third soft decision bits as said coded bit 
group. 

3. The receiver according to claim 1 , wherein. 

in the case where said modulation employed at 
the transmission side is 16-valued quadrature 
amplitude modulation, 
said demodulation means 

obtains the conponents I and Q of said 
information symbol group as a first and 
second soft decision bits respectively, 
obtains a third and fourth soft decision bits 
by subtracting a prescribed decision 
threshold from the absolute values of said 
components t and Q respectively, and 
outputs said obtained first. secorKf. third, 
and fourth soft decision bits as said coded 
bit group. 

4. The receiver according to daim 3. wherein 

said demodulation means generates said ded- 
sion tiireshokJ in accordance with the weighting 
factor calculated by said weighting means. 

5. The receiver according to daim 1 , wherein. 

in the case where said modulation employed at 
the transmission side is 64-valued quadrature 
amplitude modulation, 
said demodulation means 

ot)tains the components I and Q of said 
information ^mbd group as a first and 
second soft decision bits respectively, 
obtains a third and fcHirth soft decision bits 
by sut>tracting a first decision tfireshold 
from the absdute values of said compo- 
nents I and Q respectively, 
obtair^ a fifttt and sixth soft decision t>its 
by sutYti^acting a second dedsion threshdd 
from the absolute values of said third and 
fourth soft dedsion bits respectively and 
outputs said obtained first. seoorKl. third, 
fourth, fifth, and sixth soft dedsion bits as 
said coded bit group. 

6. The receiver according to daim 5. wherein 

said denKxjulation means generates said first 
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and second decision thresholds in accordance 
with the weighting factor calculated by said 
weighting means. 

A transmitter-receiver conprising: s 

transmission means for 

partitioning a coded bit series obtained by 
coding an inlbrmation bit series for each 10 
prescrlt>ed information unit to generate 
coded bit groups. 

applying prescribed nrKXiulation to each of 
said coded bit groups to generate informa- 
tion symbol groups, 15 
inserting pilot symbols of known amplitude 
and phases into each of said information 
symbol groups to generate transmission 
symbol groups, 

dispersedly superimposing the symbols of 20 
said transmission symbol groups on a plu- 
rality of subcarriers which form a frequency 
channel to generate a transnrvssion signal, 
and 

transmitting said transmission signal to tiie 25 
communication counterpart; 

reception means for receiving said transmis- 
sion signal from the communication counter- 
part and outputting reception synix)! groups; 3o 
transmission tine estimation means for extract- 
ing said pilot symbols from each of said recep- 
tion symbol groups and estimating tiie 
characteristics of the transmission line for each 
symt)ol in accordance with the amplitude and 35 
phases of said pilot synrtels; 
weighting means for 

extracting said information syndsol groups 
from said reception syntfx)! groups, 40 
calculating weighting factors showing the 
reliability of the transmission line for 
respective symbols in accordance with the 
estimation result of said transmission line 
estimation means and said reception sym- 45 
bol gro^>s, 

multiplying respective symtx>ls of said 
extracted Information symt>ol groups by 
said weighting Actors to reflect the reliabil- 
ity of said transmisston line on the respec- so 
tive symbols; 

demodulation means for applying prescribed 
demodulation to said information symbol 
groups on which the reliability of said transmis- 55 
sion line obtained by said weighting means is 
reflected to restore said coded bit groups; and 
decoding means for applying maximum-likeli- 



hood series estimation to each of said coded 
bit groups obtained by said deoxxJulation 
means to restore said information bit series. 

8. The transmitter-receiver according to daim 7, 
wherein. 

in the case where said modulation employed at 
said ti'ansmission means of ttie communication 
counterpart is eight phase shift keying, 
said demodulation means 

obtains components I and Q of said infor- 
mation symbol group as a first and second 
soft decisbn bits respectively, 
subtracts the absolute value of said com- 
ponent Q from the absolute value of said 
component I. 

obtains a third soft decision bit by multiply- 
ing the resulting difference value by a pre- 
scribed number, arx:! 

outputs said obtained first, second, and 
third soft decision bits as said coded bit 
group. 

9. The transmitter-receiver according to daim 7. 
wherein. 

in the case where said nKxJulation employed at 
said transmission means of tiie communication 
counterpart is 16-valued quadrature amplitude 
modulation, 

said demodulation means 

obtains tiie components I and Q of said 
information symbol group as a first and 
second soft decision t)its respectively, 
obtains a tiiird and fourth soft decision bits 
by sii3tracting a prescribed decision 
threshold from the at)solute values of said 
components I and Q respectively, and 
outputs said obtained first, second, third, 
and fourth soft decision bits as said coded 
bit group. 

10. The transmitter-receiver according to daim 9. 
wherein 

saki demodulation means generates sakJ ded- 
sion threshokl in accordance with the weighting 
factor calculated by said weighting means. 

11. The transmitter-receiver according to daim 7. 
wherein. 

in the case where sakJ modulation employed at 
said faransmission means of tiie communication 
counterpart is 64-valued quadrature amplitude 
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modulation. 

said demodulation means 

obtains the components I and Q of said 
information symbol group as a first and s 
second soft decision bits respectively, 
obtains a third and fourth soft decision bits 
by subtracting a first decision threshold 
from the absolute values of said compo- 
nents I and Q respectively. 10 
obtains a fifth and sixth soft decision bits 
by subtracting a second decision threshold 
from the absolute values of said third and 
fourth decision bits respectively. arxJ 
outputs said obtained first, second, third. 75 
fourth, fifth, and sixth soft decisfon bits as 
said coded bit group. 

12. The transmitter-receiver according to claim 11. 
wherein 20 

said denrvxiulation means generates said first 
and second decision thresholds in accordance 
with the weighting factor calculated by said 
weighting means. 25 

13. A communication method comprising the steps of: 

partitioning a coded bit series obtained by cod- 
ing an information bit series for each pre- 30 
scribed information unit to generating coded bit 
groups. 

applying prescribed modulation to each of said 
coded bit groups to generate information sym- 
bol groups, 35 
inserting pilot symbols of known amplitude and 
phases into each of said informaton symtx)! 
groups to generate transmission symbol 
groups. 

dispersedly superimposing respective syntx>ls 40 
of said transmission symbol groups on a plural- 
ity of subcarriers which form a frequency chan- 
nel to generate a transmission signal, and 
transmitting said transmission signal to the 
communication counterpart; and, 45 
in the reception side, 

receiving a transmission signal from the conv 
municatfon counterpart to obtain reception 
symbol groups, 

estimating the characteristics of the transmis- so 
sion line for each symbol in accordance with 
the amplitude and phases of said pilot symbols 
extracted from said reception symbol groups, 
calculating weighting factors showing the relia- 
bility of the transmission line for respective ss 
symbols in accordance with said estimation 
result and said reception symbol groups, 
multiplying respective symbols of said informa- 



tion symbol groups extracted from said recep- 
tion symbol groups by the weighting foctors to 
reflect the reliability of the transnrtission line on 
the respective syn^ols, 
applying prescribed demodulation to said infor- 
mation syntx)! groups on which the reliability of 
said transmission line is r^lected to restore 
said coded bit groups, and 
applying maximum-likelihood series estimation 
to each of said coded bit groups to restore sakJ 
informatfon bit 

series. 
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(54) Receiver, transmitter-receiver and comnnunication method 

(57) The present invention relates to a receiver, and 
makes it possible to restore a transmitted information bit 
series accurately by performing maximum-likelihood 
series estimation accurately with a simple structure. 

It is possible to eliminate the phase rotation 
received in a transmission line and perform maximum- 
likelihood series estimation more accurately in consid- 
eration of the reliability of a transmission line for each 
symbol with a simple structure by the steps of: estimat- 
ing characteristics of a transmission line for each sym- 
bol based on the amplitude and phases of pilot symbols 
which are extracted from reception symbol groups, cal- 
culating weighting factors showing the reliabil'ity of the 
transmission line in symbols based on the estimation 
result and the reception symbol groups, multiplying 
each symbol of information symbol groups which are 
extracted from the reception symbol groups by the 
weighting factors to reflect the transmission-line reliabil- 
ity in symbols, and restoring a infomnation bit series by 
applying maximum-likelihood series estimation to 
coded bit groups restored from the infonnation symbol 
groups on which the reliability is reflected. 
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